This article provides and analyses the detailed water balances of the Almaty city in regards to the water resources, the share of which for different water bodies is 50%, 75% or 95% at the present level of surface and groundwater use. We have quantitatively assessed such surface water resources for specific water bodies and for the whole city. We have analysed the field studies of channel water balances of small rivers conducted in 2006, 2007 and 2013 (Almaty city) to identify the areas of abstraction losses and groundwater outcrop in riverbeds. The water balance analysis shows that Almaty city suffers from significant deficits in water resources. On the basis of the population growth dynamics, we assume that it will only increase. We have clarified the methods for calculating hydrometeorological characteristics and gained the updated information about the stream flows in a number of control sections and the channel water balances of the Karasu.
INTRODUCTION
Providing urban territory with industrial and drinking water is a main part of hydrology. The water balance studies are focused on quantitative water resource assessment in a particular economic area or river basin [Charalambous, Bruggeman, Lange, 2012] . They are designed for rational and scientifically substantiated water management. Water balance is used in water resources management and during the process of developing the diagrams of water resources use and protection [Comair et al., 2014] . Water scarcity is a global problem: 97% of all water resources of the planet are the oceans and seas, and only 3% corresponds to fresh water, which is also quite difficult to use, as it is trapped in the form of ice, soil moisture, and groundwater [Bacon, 2009] . More than a half of fresh water is concentrated in glaciers. The conflict between the rapid growth of consumption and the unchanged volume of water is the main reason standing behind the lack of water.
The accelerated growth in water consumption is determined by the global economic growth and the food crises in many countries [Berg, 2015] .
Therefore, about 60 UNESCO states carry out scientific research to update their own data on water resources and exchange the experience on optimal and integrated use of natural waters based on a single program. The principles and guidelines of water balance analysis are universal [Fowe et al., 2015 ; Rushforth, Adams, Ruddell, 2013; Tsoukalas, Makropoulos, 2015] . However, the studies on the problems of urban hydrology and the procedure of drawing up water balances are contradictory [Paterson et al., 2015; Ruddell et al., 2014] .
As the urban population grows, the problems of rational and integrated use of water resources and their territorial redistribution are aggraveted. This issue is particularly relevant when it comes to mountain and foothill areas, the environment of which is difficult for the water flow formation and where the largest city of the Republic of Kazakhstan -Almaty -is located.
The Almaty city is located at the bottom of the northern slope of the Trans-Ili Alatau ridge -one of the spurs of the mountain range of the northern Tien Shan. The average height of the city is 800 meters above the sea. It is a large scientific, cultural, financial and industrial center [Rawaf, De Maeseneer, Starfield, 2008] .
In Almaty, small rivers annualy attract more and more attention, as their water is widely used for household and drinking purposes, irrigation, industry, power generation, recreation and other purposes. The health and well-being of the urban population depends on their ecological state. Karasu is an important source of water balance in Almaty. These are small rivers fed by the groundwater egress in the foothills and mountain valleys. The first description of an annual stream flow in this region was made in 1965 [Arhonditsis et al., 2006] . A detailed hydrological map was prepared while the Big Almaty Channel was designed [Ospanov, Myrzakhmetov, Zholguttiyev, 2015] and the project of river channel improvement was developed for Malaya and Bolshaya Almatinka, and Esentai [Mynbaeva, 2016] . Water Management Assessment in Almaty is a part of the ecological safety program in Kazakhstan [Dahl, Kuralbayeva, 2001] . The almaty territory is constantly expanding. Over the past six years, its territory has increased significantly. The urban population has also grown. These changes directly affect the volume of water consumption in urban areas.
The relevance of the research topic is determined by constantly growing water consumption and reducing water resources of rivers that cross the territory of Almaty city on the back of developing sectors of industrial production, growing municipal urban management needs, growing population and territory etc.
The purpose of this study is to quantitatively assess the hydrological characteristics of teritorial water bodies under modern conditions; to assess water resources, provide and analyze the water balance of the Almaty city. We have considered the studies regarding the water balance of the river channels that crossing the territory of the city.
MATERIALS AND METHODS
The water balances for the Almaty city are drawn up in regards to water resources, the share of which for different water bodies is 50%, 75% or 95% at the present level of water resources security. We have chosen the following intervals for calculations -months and years. Selected groundwater volume as part of water economic balance, as well as its other components, was taken according to the state statistical reporting, or was obtained by the calculation method. The regulating releases for channels were fixed according to the procedures Ouyang et al., 2014] .
Total water resources of the Almaty city involve the stream flow and drainage basins covering the territory. The control section with the highest water content was selected for calculations. In different periods (different water content), total water resources are calculated through the total runoff, the share of which is equal for the rivers passing the studied territory. In determining the water resources of the Almaty city, we have calculated the water resources of major rivers (Malaya Almatinka, Bolshaya Almatinka, Karagaly) that cross the urban area and mountain sources (Abylgaziev, Botbaysay, Tiksay, Terisbulak, Kerenkulak, Boroldai et al.) feeding the major rivers and water resources of Karasu (Ashchibulak, Terenkara, Sultanka, Moyka, Karasu-Turksib, Boroldai, Dzhigitovka et al.) and forming a flow within the urban area.
Bolshaya Almatinka water resources were calculated through the total runoff, the share of which is equal for the control sections of the Bolshaya Almatinka -2 km higher up the Prohodnaya river mouth and Terisbutak river mouth; for the Karagaly river -in the control section of the river passing the Chapaev Kolkhoz, and for the Aksai river -in the control section of the river passing the Kordon Aksay.
Selected groundwater volume as part of the water balance is of 191 058 thousand m 3 , including the groundwater from the Almaty basin (125.645 thousand m 3 ) and the groundwater from the Talgarsky basin transferred to the Almaty basin (61777 thousand m 3 according to the Balkhash-Alakol Basin Water Agency (BABWA). Besides the surface flow, water balance involves precipitation, water outcrop in riverbeds and utilized sewage (7114 thousand m 3 , according to BABWA) .
The data on precipitation are used by weather stations of Almaty, which height (847 m BS) is close to the average height of the city (800 m BS).
The values of water outcrop in the channels of major rivers (Malaya Almaty, Bolshaya Almaty and Karagaly) and channel losses were While conducting the research, attention was paid to the channel balance of the major rivers: the Malaya Almatinka with the the Esentai River arm, the Bolshaya Almatinka and the Kargaly; Karasu: in the Bolshaya Almatinka basin -the Boroldai River and the Dzhigitovka River; in the Malaya Almatinka basin -the Ashchibulak, Terenkara, Sultan-Karasu, Moyka (Moyka-Karasu), Karasu-Turksib rivers, as well unnamed rivers feeding the Malaya Almatinka River.
We have already noted that the study of channel water balance of the Almaty rivers was conducted in 2006, 2007 and 2013 to identify and clarify the abstraction losses and and groundwater outcrop, as well as to identify how their values change over time. The hydrometric measurements were conducted to measure abstraction losses (or increment) in the typical areas with the Water Flow Velocity Meter ISVP-GR-21M1 (Aneroid, Russia).
The channel water balance was calculated within the city boundaries with the techniques described below. The control section length for major rivers ranged from 8.72 km (Kargaly) to 34.1 km (Esentai); for Karasu -from 7.27 km (unnamed rivers (release at the Kazakh natural acclimatization station (KazNAS)) to 16.2 km (Boroldai) (see Table 1 ). Total summer evaporation is calculated by the method described in [Starke et al., 2011] .
We selected the following equations to analyze the field studies and calculate the CWB of small rivers: 1) for abstraction losses in unconsolidated sediments of river fan:
where: S a -absolute abstraction losses, m 3 /s; Q up and Q l -river discharge in the higher and lower control sections, respectively, m 3 /s; Q dis -total inflow discharge, m 3 /s; Q in -total intake, m 3 /s; Q ret -total river discharge in regards to the surface water returned into the river from disposal fields and other discharges, m 3 /s;
2) for groundwater outcrop into the Karasu channels:
where: S gr -absolute groundwater outcrop, m 3 /s.
On the selected balance areas, measurements were performed in rainless periods. We took into account the time lag and measurement errors.
In order to compare the channel water balances of various rivers, we did not apply the absolute values, but rather the values of specific abstraction losses (Sl a m 3 /s×km) and discharge outcrops (Sl gr m 3 /s×km) per unit of river section length:
where: L -length of the measured water balance section, km. The remaining symbols are the same.
The sample was considered as valid while assessing the results by Student's t-test, Fisher`s exact test and Wilcoxon signed-rank test, at p <0.05. The statistical data was analyzed with the Statistica 6.0 (StatSoft, USA) software package. 
RESULTS
The analysis of the integral curves of major river runoff in the area shows an increase in the volume of water intakes. This has affected the water content in the control sections. Since cadastral materials did not provide precise information about the water intakes for municipal purposes in recent years, the stream flow in the control sections can be considered like in households (see Figure 1) . In this regard, we used the data on the relatively natural flow period to determine the water resources of the major river flows: for the Malaya Almatinka -before 1973, for the Bolshaya Almatinka -before 1989, for the Aksaibefore 2000.
We also recorded a trend of increasing runoff from the mid-80s due to global warming, degradation of the glaciation of the northern slope of the Trans-Ili Alatau, and accordingly, the increase of glacier runoff component (see Figure 2) .
The results of the calculation regarding surface water resources, located on the territory of the Almaty city, as a runoff volume which share for different water bodies is 50%, are given in the Table 2 .
The analysis of the calculation results regarding CWB of the major rivers and Karasu showed that the outcorp area of Karasu is lower than the level of 540 m BS both in the Bolshaya Almatinka River Basin and in the Malaya Almatinka River Basin.
According to the research results, there is a gradual decrease in the Karasu runoff. The areas of groundwater outcorp shift to the north (higher) and the values of the absolute groundwater outcorp decreased due to an increase in the water intakes from Almaty and Burundaisk water deposits. The latter led to an overall decrease in the groundwater level and the abstraction losses since the major river channels were concreted. These losses feed the groundwater by carrying water Fig. 1 . The integral curves of runoff of major river in the control sections -Malaya Almatinka (Almaty) (a) and Bolshaya Almatinka (2 km higher up the Prohodnaya river mouth. Intra-annual flow distribution (b) for the entire period of stationary observations exchange and maintaining both a stable Karasu flow and their environmental safety. The Karasu channel development and cleaning entailed the groundwater outflow normalization, as well as the improvement of the urban river system, its recreation ability. This is beneficial to the ecological state of the rivers and surrounding areas.
According to our data, the annual precipitation involves about 38.9% (71.033.6 thousand m The environmental flow includes the flow of Karasu and mountain sources. The water balance calculation was made in three versions: for water resources, the share of which for different water bodies is 50%, 75% or 95%. Table 3 shows the results of water balance calculation for the year that is average in terms of water content (share of water resourses is 50%).
DISCUSSION
The analysis of water balance calculation showed that there are significant deficits of water in the Almaty city. The overall balance is positive, as the share of water resources is 50%. There is a minor water shortage in the basins of some rivers (like Malaya Almatinka) in the period from July to October, as well as in the Karagaly river basin throughout the year. Water scarcity is recorded only in September (2 million m 3 ). However, the overall balance is negative in the years when the share of water resources is 75%. There are problems with water consumption across the whole territory of the city (6 months -8.1 million m 3 ). If the share of water resources is 95%, problems with water consumption can be recorded throughout the year (63.3 million m 3 ). On the basis of the population growth dynamics and the increasing number of business entities, we assume that water deficit will continue to grow.
Prudent use of water resources requires strict control of the water intake by registering water users and building a diagram of their dislocation in the city, as well as by installing relevant meters. New technologies based on the use of plastic pipes and introduced into the systems of municipal water use will significantly reduce the abstraction losses while transporting water by pipes. Currently, their amout is in the range of 23-32%. The previously issued licenses for water use should be revised in the context of the new business environment. One has to avoid using drinking water for technical needs instead of the wastewater. It is required to introduce new operation guidelines and to clarify the operational mode of the Big Almaty Channel (BAC) in the context of the changing social environment and the new business environment. The possible volume of the runoff transferred throught the BAC to Almaty should be calculated to cover the water deficit. There shoild be an additional network of RSE "Kazhydromet" hydrological stations built in order to control the water inflow, water runoff from the urban area and water distribution in the area. The process of comparing the results of the studied CWB runoff and the water balance with the data given in [Charalambous et al., 2012; Wang et al., 2011; Protasov, 1999] leads to the conclusion that there is not only the refined data, but also completely new information about these characteristics. Its is based on more extensive data for the period up to 2012, obtained by applying the method of field measurements and innovative methods of their high-level processing [Chigrinets, Dolbeshkin, 2012] .
We have improved the methods for calculating meteorological characteristics, refined new data on river runoff in different control sections, channel water balances, water resources and water balance of the Almaty city.
The water balances of urban areas are one of the most important, complex and littlestudied problems of modern hydrology International experience analysis shows that the major problems in studying balances are associated with the collection of empirical data on natural river flow and other information particularly while collecting data necessary for water balances calculation in urban areas [Mambretti, Brebbia, 2012] .
According to the data presented in a number of studies [Comair et al., 2014; Fowe et al., 2015; Ruddell et al., 2014] , restoring gaps in observations made for the natural flow of mountain rivers is one of the very complex problems, as it is difficult to find analog rivers. Wherein, the processes of verifying homogeneity of annual river runoff and determining its statistical characteristics are also a serious problem [Kennedy et al., 2015] .
Our calculations show that in the years when the water content is at the average level, total amount of water resources in the Almaty city is about 309 082 thousand m 3 per year, total used underground water resources -191.058 thousand m 3 per year, 61 777 thousand m 3 of which is the water transfered to the territory of the city from the other basins (Eastern Talgar water deposits). Groundwater outcrop in the river channels -34 374 thousand m 3 /year (see Table 3 ). Collecting the basic data and calculating discharges are the most difficult and time consuming part of the water balance study [Fowe et Duskaev, 2005] . We have conducted a long-term monitoring of water runoff of small rivers in Almaty. As a result, we obtained modern data on the runoff characteristics that significantly differ from the data provided in the earlier study [Duskaev, Chigrinets, 2001 ]. In addition, there is new data on water runoff of the previously unstudied rivers.
The research on the channel balance and runoff of small rivers in the Almaty city should be continued in the future, but with more details on such problem areas as major rivers and Karasu. According to our data, water balance discharges involve:
• surface water and ground water intake for household needs and watering green spaces; for the purposes of industry; hydropower; power system; agriculture (regular irrigation); pond-fish farming; • abstraction losses during water transportation thought water zones; • abstraction losses during surface runoff along the channels of major rivers; • runoff transfer from the city to other basins;
• evaporation from the surface of water bodies:
ponds, stream reservoirs, channels of major rivers (apparent evaporation); • precipitation discharge;
• regulating releases and environmental flow. 
